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Abstract
Copper-black - Electrolytic anodic oxidation process was successfully used for making solar selective copperblack films. The films obtained by this method were found to be quite uniform and well adherent to the substrate. Optical and thermal properties were.found to be reproducible. The study has shown that the time of anodization is a critical parameter which governs the optical and thermal properties of the film. The ? 0.98 and e 0.2 can be obtained at optimum time of anodization (t=60 sec). It was also seen from this study, that, ?c?rt off shifts towards the higher wavelength side on increasing the anodization time and shifts towards lower wavelengthside on lowering the anodization time. The values of ? and ? of the selective copper-black film prepared by anodic oxidation process are such that the final device is likely to have a good conversion efficiency. To explain the selectivity, the techniques were used such as X-ray, E.D. XPS, AES for the characterization of the film. The results obtained are as follows. The x-ray and electron diffraction study have shown that the selective copper-black film is crystalline and consists of two phases namely cubic cuprous oxide(Cu2O and monoclinic cupric oxicie (CuO) with crystallite size ranging from 100 A0 to 200 A0 . SEM studies on selective and non-selective copper-black films have shown that the morphology of the film changes as the thickness of the film is changed. The selective copper-black film has got structure with uniform distribution of particles of sizes ranging from 0.5 Mm to 1 ?m. The voids of size of the order of 0.5 Mm are seen. The non-selective copper-black film has a distribution of varied particle sizes (> 3.5 ?m) with more number of voids (size 1 Mm to 10 ?m). XPS study on selective copper-black film gives information, that, the film contains cuprous oxide and/or copper and cupric oxide, but non-selective copper-black film contains only cupric oxide within the penetration depth of XPS. XPS depth profiling study on selective copper-black film have shown that cupric oxide (CuO) layer is present only on the top. The layers below have possibly Cu 2 O composition with oxygen concentration going down as one moves towards the substrate. The XAES depth profiling study on selective copper black film has confirmed that the film has cupric-oxide layer covering layers of non-stoichiometric cuprous oxide along the depth. This observation was supported by AES depth profiling study. A suitable model structure is proposed for the selective copper-black film making use of different characterization results. This model explains the observed optical and thermal properties of the film. The high absorption in this film is attributed to absorption by semiconducting cupric oxide (CuO) and cuprous oxide (Cu2O) species along with graded structure and typical surface morphology of the film. The low emittance is due to the substrate copper, since the film is transparent in thermal IR region of spectrum. Molybdenum-black - Electrolytic cathodic deposition process was successfully used for making solar selective molybdenum black films. The films obtained by this method were found to be well adherent to the substrate. Optical and thermal properties were found to be reproducible. The study has shown that the deposition time is critical parameter which governs the ? and ? values. At optimum time of deposition (t = 60 seconds), ? = 0.85 and ?=0.11 can be obtained. It was also seen that the ?cut off shifts towards the higher wavelength side on increasing time of deposition. The values of ? and ? of the molybdenum-black film prepared by cathodic electro deposition technique are comparable with reported values, prepared by other techniques. The selective molybdenum black films can be deposited on different substrates by this method. To explain the selectivity, following techniques were used for characterization of the film and results obtained are as follows. 
The x-ray and electron diffraction studies have shown that the selective molybdmum-black films are noncrystalline in nature, Therefore, it was not possible to know the phases present as well as the chemical composition of the film. Elemental analysis of the selective molybdenum-black film on different substrates was carried out using EDAX technique. It indicated, the presence of molybdenum, nickel and copper in the film. SEM studies on the molybdenum films were carried out to know the changes taking place in the morphology of the film with time of deposition. The study reveals that selective molybdenum film has a uniform distribution of particles ranging from 0.1 - 0.5 m in size with few clusters and voids. The morphology of the thicker films shows a distribution of bigger particles (size > 1.5?m) as compared to the particles in the selective film, with more clusters and voids. XPS study 011 selective molybdenum-black film was carried out to know the oxidation state of molybdenum, copper and nickel, the presence of which is shown by EDAX technique. The study reveals that the film contains in the form of 46 oxidation state, while Cu and Ni are present in metallic form within the penetration depth of XPS. To know the composition of the film along the thickness and uniformity of composition, XPS and AES depth profiling studies on the selective molybdenum-black film were carried, out. The study reveals that the film has MoO3 composition throughout the bulk. The Cu arid Ni are present in free state incorporated in MoO3, matrix. Their concentration is increasing towards the substrate. The chemical analysis of the selective molybdenum black was done to know the volume fractions of MoO3, Ni and Cu. The volume fractions obtained are given below Cu = 0.32 Ni = 0.01 MoO3 = 0.67 Finally a suitable model structure is proposed for the selective molybdenum-black film making use of different characterization results. This model explains the observed optical and thermal properties of the film. The high absorption in this film is attributed to the composite nature of the film. The low emittance is due to the substrate since the film is transparent in IR region of spectrum. The electro-deposition of selective blacks as reported in this thesis seem to be of practical use for the fabrication of solar thermal converters, since 
(1) very good selectivity can be obtained, (2) large area film deposition is not a limitation, (3) good reproducibility, (4) easy monitoring of various properties required for good conversion. 
  	 


